Ebola virus (EBOV), a member of the family *Filoviridae*, is an enveloped, single-stranded, negative-sense RNA virus that causes severe hemorrhagic fever with a high mortality rate in humans and nonhuman primates[@b1]. Currently there are no approved vaccines or treatments for Ebola virus infection.

The EBOV genome, which is approximately 19 kb in length, encodes seven structural proteins: NP, VP35, VP40, GP, VP30, VP24, and L[@b1]. The nucleoprotein (NP) is associated with the viral genome and assembles into a helical nucleocapside (NC) along with the polymerase cofactor (VP35), the transcription activator (VP30), and the RNA-dependent RNA polymerase (L)[@b2][@b3][@b4]. The viral proteins that comprise the NC catalyze the replication and transcription of the viral genome[@b4]. A minor viral matrix protein, VP24 is also required for NC assembly. If NP is expressed alone in cells, it assembles together with cellular RNA to form a loose coil-like structure. When NP is co-expressed with VP24 and VP35, NC-like structures are formed in the cytoplasm that are morphologically indistinguishable from those seen in infected cells[@b5][@b6][@b7][@b8][@b9]. Our group and others previously showed that VP24 and the viral matrix protein VP40 reduce the transcription and replication efficiencies of the EBOV genome, suggesting that VP24 and VP40 are important for the conversion from a transcription and replication-competent NC to one that is ready for viral assembly[@b10][@b11]. VP40 plays a role in the formation and release of the enveloped, filamentous virus-like particles (VLPs) even when expressed alone[@b12][@b13][@b14][@b15][@b16]. NC-like structures are incorporated into VLPs when VP40 is co-expressed with NP, VP35, and VP24, suggesting that a direct interaction between VP40 and NP[@b17] is important for the recruitment of NC-like structures to the budding site, the plasma membrane[@b9][@b14]. The interaction between VP40 and NP is also required for the formation of condensed NC-like structures[@b6]. GP is a surface glycoprotein that forms spikes on virions and plays a crucial role in virus entry into cells by mediating receptor binding and fusion[@b18][@b19][@b20].

The assembly of viruses is a highly organized, complex process. The virus must orchestrate various processes including replication of the viral genome, expression of viral proteins, and transport of individual viral components to the sites of virion formation. However, most studies of EBOV assembly have used exogenously expressed EBOV proteins rather than EBOV-infected cells[@b2][@b15][@b16][@b21][@b22][@b23][@b24][@b25][@b26][@b27][@b28]. The distribution of NP, VP35, and VP40, and the co-localization of NP with VP30 have been analyzed in EBOV-infected cells[@b26][@b29]. Also, the distribution of the viral proteins NP, VP35, and VP30, which are found in inclusion bodies, and the co-localization of NP with VP35, VP30, or VP24, and VP40 with GP have been investigated in Marburg virus-infected cells[@b2][@b21][@b24] However, the studies using filovirus-infected cells were done mainly at limited time points after infection. Moreover, the distribution dynamics of EBOV viral RNA transcription and replication are not yet fully understood.

We previously generated a replication-deficient, biologically contained EBOV, EbolaΔVP30, which lacks the essential VP30 gene, and grows only in cells stably expressing VP30[@b30]. By using this system, here, we analyzed the spatio-temporal distribution dynamics of six of the seven EBOV-encoded proteins and virus-derived RNA in EbolaΔVP30-infected cells throughout the viral replication cycle.

Results
=======

NP, VP35, VP30, and VP24 co-localize in cytoplasmic aggregates
--------------------------------------------------------------

We analyzed the distribution of six of the seven EBOV-encoded proteins (NP, VP35, VP40, GP, VP30, and VP24) by immunofluorescence staining of Vero-VP30 cells that had been synchronously infected with EbolaΔVP30; we were unable to analyze the distribution of the L protein in this assay due to the lack of a suitable anti-L antibody ([Fig. 1](#f1){ref-type="fig"}). The co-localization of various combinations of the viral proteins was also examined by means of immunofluorescence double-staining ([Fig. 2](#f2){ref-type="fig"}). We confirmed synchronous infection by demonstrating a similar staining pattern for NP in multiple-infected cells in the same field ([Fig. S1](#s1){ref-type="supplementary-material"}). The distribution of NP was observed as small punctate dots in the cytoplasm by 6 hours post-infection (h.p.i.) ([Fig. 1A](#f1){ref-type="fig"}). The dots became large aggregates near the nucleus from 12 to 24 h.p.i. These aggregates were likely viral inclusion bodies. The aggregated inclusions became smaller at approximately 36 h.p.i. Approximately 100--200 aggregates with an average diameter of 10 nm were detected in the infected cells. The small aggregates subsequently distributed near to the plasma membrane from 36 to 48 h.p.i ([Fig. S2A](#s1){ref-type="supplementary-material"}). The kinetics of VP35 protein expression and its distribution pattern were almost identical to those of NP, suggesting that both NP and VP35 were present in the aggregates ([Fig. 1B](#f1){ref-type="fig"}). Because EbolaΔVP30 lacks the VP30 gene, exogenously expressed VP30 is supplied for viral transcription[@b30]. VP30 was distributed in the cytoplasm as punctate dots in uninfected cells ([Fig. 1E](#f1){ref-type="fig"}, bottom), whereas in EbolaΔVP30-infected cells, VP30 was incorporated into the inclusions, co-localizing with NP throughout the infection ([Fig. 2D](#f2){ref-type="fig"}). VP24 protein was detected in the cytoplasmic inclusions at 18 h.p.i. and onward ([Fig. 1F](#f1){ref-type="fig"}), where most of it co-localized with NP ([Fig. 2E](#f2){ref-type="fig"}). However, at the early time points in the viral replication cycle, VP24 did not co-localized with NP.

VP40 is distributed in multiple subcellular compartments
--------------------------------------------------------

VP40 was initially observed in the nucleoplasm by 6 h.p.i. (see yellow arrow in [Fig. 1C](#f1){ref-type="fig"}, top). The punctate VP40 signals detected at 6 h.p.i. most likely came from viral particles that remained attached (see white arrows in [Fig. 1C](#f1){ref-type="fig"}, top), because similar signals were also observed in cells immediately after adsorption (see white arrows in [Fig. 1C](#f1){ref-type="fig"}, bottom). We did not detect signals for NP, VP35, or GP immediately after adsorption ([Fig. 1A, B and D](#f1){ref-type="fig"}, bottom) probably because of the low number of these molecules in a single virion, compared with VP40 being the most abundant viral protein ([Fig. S4](#s1){ref-type="supplementary-material"}). VP40 was subsequently distributed in the inclusions, along with NP and VP35, and in the nucleoplasm at 12 h.p.i. ([Fig. 2A and B](#f2){ref-type="fig"}). VP40 was also distributed diffusely in the cytoplasm from 18 to 24 h.p.i. ([Fig. 1C](#f1){ref-type="fig"}). A small fraction of VP40 was detected with a distinct signal at the plasma membrane at 18 h.p.i. (see white arrows in [Fig. 1C](#f1){ref-type="fig"}, third panel from the top and [Fig. S2B](#s1){ref-type="supplementary-material"}). The VP40 signal at the plasma membrane became more intense and appeared to represent a fibrous structure after 36 h.p.i. VP40 did not clearly co-localize with NP or VP35 in the smaller inclusions found at 36 h.p.i., but was present at the plasma membrane at 48 h.p.i. ([Fig. 2A, B](#f2){ref-type="fig"}, and [Fig. S2C](#s1){ref-type="supplementary-material"}).

GP is distributed in the cytoplasm separately from the other viral proteins until it traffics to the plasma membrane
--------------------------------------------------------------------------------------------------------------------

The GP signal was detected in the cytoplasm at 6 h.p.i. and in the perinuclear region from 12 to 36 h.p.i. (see white arrows in [Fig. 1D](#f1){ref-type="fig"}). GP was distributed in a speckled pattern in the perinuclear region; it was subsequently distributed throughout the cytoplasm, away from the inclusions, or near the cytoplasmic VP40 ([Fig. 2C](#f2){ref-type="fig"}). Unlike VP40, GP was not detected at the plasma membrane until a late stage of virus assembly ([Fig. 1D](#f1){ref-type="fig"} and [Fig. S2D](#s1){ref-type="supplementary-material"}). GP was extensively co-localized with VP40 at the plasma membrane at 48 h.p.i. ([Fig. 2C](#f2){ref-type="fig"}).

Viral RNA is synthesized in the cytoplasm of EbolaΔVP30-infected cells
----------------------------------------------------------------------

The replication and transcription of EBOV RNA is thought to take place in the cytoplasm of infected cells independently of cellular RNA synthesis in the nucleus[@b31]. We tested this concept by *in situ* labeling of replicated and transcribed viral RNA by using BrUTP. We transfected BrUTP into EbolaΔVP30-infected cells at 24 h.p.i., and incubated the cells for 2 h for chasing. The distribution of BrUTP-labeled RNA and VP40 were analyzed by means of immunofluorescence double-staining. BrUTP-labeled RNA was detected in the inclusions ([Fig. 3A](#f3){ref-type="fig"}) and, after chasing for 12 h, it was found co-localized with VP40 at the plasma membrane ([Fig. 3B](#f3){ref-type="fig"}).

The distributions of newly synthesized viral RNA in EbolaΔVP30-infected cells
-----------------------------------------------------------------------------

The viral RNA genome released from EBOV virions is transcribed into seven mono-cistronic mRNAs to produce viral proteins[@b32][@b33]. Replication of the viral RNA genome results in the synthesis of a replicative intermediate, the positive-sense anti-genome, which is a complete copy of the negative-sense viral genome. This anti-genomic RNA in turn serves as a template for the generation of progeny viral genomes. We analyzed the distribution of newly synthesized positive- and negative-sense viral RNA by using fluorescence *in situ* hybridization (FISH). We generated fluorescently labeled-specific sense and antisense probes for NP RNA, which allowed us to distinguish between negative- and positive-sense EBOV RNA. We then analyzed the co-localization of the viral RNA and NP by using a combination of FISH and immunofluorescence staining. Negative-sense RNA, which likely represented the newly synthesized viral genome, was co-localized with the inclusions at 6 h.p.i. ([Fig. 4](#f4){ref-type="fig"}). The negative-sense RNA signals co-localized with the NP protein in the inclusions at 12 h.p.i. extensively, and to a lesser extent at the plasma membrane at 48 h.p.i ([Fig. S3](#s1){ref-type="supplementary-material"}). The antisense probe used in this study could not distinguish between viral mRNA and anti-genomic RNA. The positive-sense RNA signal was initially detected in the inclusions from 6 to 12 h.p.i., in the cytoplasm diffusely at 18 h.p.i, and was undetectable at 48 h.p.i ([Fig. 5](#f5){ref-type="fig"}).

Discussion
==========

Here, we characterized the spatio-temporal distribution dynamics of six viral proteins (NP, VP35, VP40, GP, VP30, and VP24), and newly synthesized viral RNA in EbolaΔVP30-infected cells. We observed that VP40 was distributed to various sub-cellular compartments. VP40 was initially detected in the nucleoplasm at 6 h.p.i. ([Fig. 1C](#f1){ref-type="fig"}), which is consistent with a previous report[@b29]. VP40 does not possess a putative nuclear localization signal, suggesting that as yet unknown cellular factors may associate with VP40 and participate in its transport to the nucleus. Further investigation is required to understand the role of VP40 in the nucleoplasm.

We and others previously demonstrated that NP expression alone results in the formation of intracellular aggregates[@b17][@b25][@b26]. Upon co-expression with VP40, NP co-localizes with VP40 and is transported to the plasma membrane without the formation of cytoplasmic aggregations[@b17]. In our present study, VP40 was detected in inclusion bodies from 18 to 36 h.p.i., possibly forming NC-VP40 complexes ([Fig. 2A and B](#f2){ref-type="fig"}). VP40 was also found at the plasma membrane from 12--18 h.p.i. ([Fig. 1C](#f1){ref-type="fig"} and [Fig. 2A-C](#f2){ref-type="fig"}), suggesting that some of the VP40 that is diffusely distributed in the cytoplasm migrates to the plasma membrane.

The aggregated inclusions became smaller at 36 h.p.i., and later appeared near the plasma membrane ([Fig. 1A and B](#f1){ref-type="fig"}). No appreciable co-localization of VP40 with the small aggregates was observed ([Fig. 2A and B](#f2){ref-type="fig"}). Intracellular transport of VP40 is mediated by the COPII transport system, which is dependent on microtubules[@b9][@b28]. However, the role of the COPII transport system in VP40-mediated NC recruitment remains unclear. Also, it is not clear whether the NC associates with vesicles during its intracellular transport. Therefore, it is not clear whether COPII-mediated VP40 transport to the plasma membrane involves only the free VP40 observed at 12--18 h.p.i. or also includes VP40-NC complexes. Further investigations are needed to understand the roles of viral and host factors in the dynamic changes in the size of these inclusions and in the transport of the NC to the plasma membrane.

The perinuclear localization of GP ([Fig. 1D](#f1){ref-type="fig"} and [2C](#f2){ref-type="fig"}) suggests that GP is present in the ER and Golgi apparatus, as has been shown previously[@b22]. Further analyses with ER or Golgi markers would support this contention. In addition to the transmembrane GP, the Ebola virus glycoprotein gene encodes the soluble glycoprotein sGP[@b34]. Because the antibody to GP used in this study also reacts with sGP, we could not distinguish between the distribution of full-length GP and that of sGP in this study.

Not all *de novo* synthesized RNA was co-localized with VP40 ([Fig. 3](#f3){ref-type="fig"}). Viral proteins that co-localize with *de novo* synthesized RNA should be identified in future experiments.

We found that negative-sense viral RNA co-localized with NP throughout the viral assembly process ([Fig. 4](#f4){ref-type="fig"}), suggesting that the *de novo* synthesized viral genome is immediately incorporated into the NC. However, the negative-sense viral RNA did not co-localize with NP efficiently at 36 and 48 h.p.i. compared with earlier time points. The reason for this reduced co-localization of negative-sense viral RNA and NP remains unknown.

We also observed that the positive-sense viral RNA signal decreased at 48 h.p.i. ([Fig. 5](#f5){ref-type="fig"}, bottom), which is consistent with a previous report in which the synthesis of viral mRNA was shown to decrease after 18 h.p.i. and terminate at 48 h.p.i[@b33]. Because the antisense probe used in this study could not distinguish between viral mRNA and anti-genomic RNA, probes that specifically react with each of these RNA species are needed for future studies designed to better understand the spatio-temporal distribution dynamics of these RNA species.

Our previous report indicated that the replication kinetics of EbolaΔVP30 are approximately 10-times faster than those of the wild-type virus at early time points after infection in cells over-expressing VP30[@b30]. While the kinetics of VP30 expression is tightly regulated in wild-type EBOV-infected cells, VP30 is constantly over-expressed in the EbolaΔVP30 system. Because viral replication and transcription are dependent on the expression level of VP30[@b4][@b23][@b25][@b26][@b35][@b36][@b37][@b38][@b39], the kinetics of viral genome transcription, replication, and gene expression may differ between EbolaΔVP30 and wild-type EBOV. Therefore, some of the findings described in this study should be repeated with authentic EBOV.

In summary, our findings, together with previous data[@b1][@b5][@b6][@b9] suggest the following model for EBOV virion formation ([Fig. 6](#f6){ref-type="fig"}): Viral mRNA is transcribed from genomic negative-sense RNA, is released into the cytoplasm, and viral proteins are translated. NP, together with VP35, VP40, VP30, and VP24 forms small inclusions (A), which become larger near the nucleus (B). At the edge of the inclusion bodies, the NC is formed[@b9]. VP40 associates with the NC, contributing to its transport to the plasma membrane[@b9] (C1). Alternatively, NC initially associates with a few VP40 molecules and is then transported to the plasma membrane, where it is enveloped with membrane-associated VP40 (C2). Synthesized GP is transported to the plasma membrane (D) and assembled into the viral particles (E). This proposed model, especially early in the infection, may apply to only our biologically contained Ebola virus system in which the results may be affected by the overexpression of VP30. The relevance of this model in authentic Ebola virus needs to be further investigated to better understand EBOV replication.

Methods
=======

Cell culture
------------

African green monkey kidney epithelial Vero cells stably expressing EBOV VP30 protein (Vero-VP30)[@b30] were grown in minimum essential medium (MEM) supplemented with 10% fetal bovine serum (FBS), L-glutamine, vitamins, nonessential amino acids, antibiotics, and 5 μg/ml puromycin (Sigma-Aldrich, St. Louis, USA). The cells were maintained at 37°C in 5% CO~2~.

Immunofluorescence staining
---------------------------

For synchronous infection Vero-VP30 cells grown on cover slips were incubated with EbolaΔVP30, in which the viral VP30 ORF was replaced with the neomycin-resistance gene[@b30] at an m.o.i. of 0.1 in MEM supplemented with 2% FBS and 4% BSA on ice for 1 h for adsorption, washed to remove unbound viruses, and incubated for various times at 37°C in the same medium. Vero-VP30 cells were harvested, fixed with 4% paraformaldehyde (PFA) in PBS for 10 min at room temperature, permeabilized with PBS containing 0.05% Triton X-100 for 10 min at room temperature, and blocked in PBS containing 4% BSA and 0.05% Triton X-100 for 30 min at room temperature. For VP24 staining, the cells were fixed with cold methanol at −20°C for 4 min, washed in PBS, and blocked in PBS containing 4% BSA. The cells were then incubated with a rabbit anti-NP polyclonal antibody (cl. 5070 9-20; 1:3000 dilution), a mouse anti-NP monoclonal antibody (cl. 7-71.5; 1:2000 dilution), a mouse anti-VP35 monoclonal antibody (cl. 5; 1:1000 dilution), a rabbit anti-VP40 polyclonal antibody (cl. R266; 1:3000 dilution), a mouse anti-GP monoclonal antibody (cl. 226/8.1; 1:2000 dilution), a rabbit anti-VP30 polyclonal antibody (cl. 3; 1:1000 dilution), or a mouse anti-VP24 monoclonal antibody (cl. 21-7.7; 1:1000 dilution) for 1 h at room temperature. The cells were then washed twice in PBS and incubated with AlexaFluor™ 488 or 594-labeled secondary antibodies (1:5000 dilution) (Life Technologies, Carlsbad, USA) for 1 h at room temperature. The cells were subsequently washed twice in PBS and nuclei were counterstained with 4′,6-diamidino-2-phenylindole (DAPI). The images (0.8 μm thickness z-slice) were acquired by use of a confocal laser scanning microscope (LSM510 META, Carl Zeiss, Oberkochen, Germany) equipped with a digital CCD camera (Axiocam HRm; Zeiss), 405 nm diodelaser (for DAPI excitation), a 488 nm argon laser (for AlexaFluor™ 594 excitation), and a 543 nm HeNe laser (for AlexaFluor™ 594 excitation). Images were collected with a 40x oil objective lens (C-Apochromat, NA = 1.2, Carl Zeiss) and acquired by using LSM510 software (Carl Zeiss). Twenty fields containing approximately 20 to 30 virus-infected cells were randomly collected at each time point and representative images are shown. We scanned eight times to obtain an average and reduce the background. For presentation in this manuscript, all images were digitally processed with Adobe Photoshop. Co-localization percentages (proportion of co-localized protein to total protein) of single slices of individual images were analyzed by measuring the co-localization coefficient with Zeiss LSM 510 software.

BrUTP-labeling of newly synthesized viral RNA
---------------------------------------------

Vero-VP30 cells grown on cover slips were infected with EbolaΔVP30 at an m.o.i. of 0.1. At 24 h.p.i., they were pretreated for 30 min with 1 μg/ml actinomycin D (Sigma-Aldrich) to inhibit RNA polymerase II-dependent cellular transcription. The cells were then transfected with 10 mM 5-Bromouridine 5′-triphosphate (BrUTP; Sigma-Aldrich) using the transfection reagent FuGENE 6 (Roche, Basel, Switzerland) and subsequently incubated for 2 or 12 h in the presence of actinomycin D. The cells were fixed, permeabilized, and blocked as described in the procedure for immunofluorescence staining. The cells were incubated with an anti-BrdUTP monoclonal antibody (1:200 dilution) (Roche) and a rabbit anti-NP polyclonal antibody (cl. 5070 9-20; 1:3000 dilution) for 1 h at room temperature, respectively. The cells were washed twice in PBS and incubated with AlexaFluor™-labeled secondary antibodies for 1 h at room temperature. The cells were washed twice in PBS and the nuclei were counterstained with DAPI.

Fluorescence *in situ* hybridization (FISH)
-------------------------------------------

The template for the sense and anti-sense hybridization probes for the detection of negative- and positive-sense viral RNA, respectively, was generated by inserting the NP cDNA between the T7 and SP6 promoters of the pcDNA3 plasmid (Life Technologies). The sense or anti-sense probe was synthesized under the control of the T7 or SP6 RNA promoter, respectively, and labeled with AlexaFluor™-488 by using the FISHTag™ RNA Green Kit (Life Technologies) following the manufacturer\'s protocol. Vero-VP30 cells grown on cover slips were infected with EbolaΔVP30 at an m.o.i. of 0.1. The cells were harvested at various time points after infection, washed twice in cold PBS containing 5 mM MgCl~2~ (PBS-M), permeabilized in PBS containing 0.25% Triton X-100 for 1 min at room temperature, and fixed with 4% PFA for 10 min at room temperature. After being washed twice with ice-cold PBS-M, the cells were equilibrated in pre/post hybridization buffer \[50% formamide, 2 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium citrate)\] for 10 min at room temperature. Each probe (10 ng) was mixed with 1 μg of salmon sperm DNA (Eppendorf, Hamburg, Germany) and 1 μg of yeast tRNA (Sigma-Aldrich), resuspended in CEP hybridization buffer (Abbotto Molecular, Abbott Park, IL), denatured for 2 min at 80°C, and placed on ice. The cells were incubated with a hybridization mix containing probe overnight at 55°C. The cells were then washed twice in pre/post hybridization buffer for 20 min at 55°C, in 2 x SSC for 10 min at room temperature, and in PBS-M for 10 min at room temperature. For double-staining with the NP protein, following the wash, the cells were subsequently blocked and incubated with a rabbit anti-NP polyclonal antibody (cl. 5070 9-20; 1:3000 dilution) and AlexaFluor™-labeled secondary antibodies as described in the procedure for immunofluorescence staining.
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![Spatio-temporal distribution dynamics of EBOV proteins in EbolaΔVP30-infected cells.\
Vero-VP30 cells were infected with EbolaΔVP30 at an m.o.i. of 0.1. The cells were fixed with 4% PFA at the indicated times after infection. The distribution of EBOV NP (A), VP35 (B), VP40 (C), GP (D), VP30 (E), and VP24 (F) was analyzed by use of immunofluorescence staining. The nuclei were counterstained with DAPI. Yellow arrow (C, top) shows nuclear localization of VP40. Scale bars: 20 μm. White arrows indicate distribution patterns as described in the text.](srep01206-f1){#f1}

![Co-localization analysis of various combinations of EBOV proteins in EbolaΔVP30-infected cells.\
Vero-VP30 cells were infected with EbolaΔVP30 at an m.o.i. of 0.1. The cells were harvested at the indicated times after infection. The co-localization of EBOV proteins was analyzed by use of double immunofluorescence staining in the following combinations: VP40 (red) and NP (green) (A), VP40 (red) and VP35 (green) (B), GP (red) and VP40 (green) (C), NP (red) and VP30 (green) (D), NP (red) and VP24 (green) (E). The nuclei were counterstained with DAPI. Scale bars: 20 μm. The percentage of co-localization (proportion of co-localized protein to individual proteins) is shown in the individual panels.](srep01206-f2){#f2}

![Intracellular localization of EBOV RNA.\
Vero-VP30 cells were infected with EbolaΔVP30 at an m.o.i. of 0.1. Vero-VP30 cells were pretreated for 30 min with actinomycin D at 24 h.p.i., transfected with 10 mM BrUTP, and incubated for 2 h (A) or 12 h (B) in the presence of actinomycin D. The co-localization of BrUTP-labeled viral RNA (green) and VP40 (red) was analyzed by using immunofluorescence staining. The nuclei were counterstained with DAPI. Scale bars: 20 μm. The percentage of co-localization is shown in the individual panels.](srep01206-f3){#f3}

![Spatio-temporal distribution dynamics of negative-sense EBOV RNA in EbolaΔVP30-infected cells.\
Vero-VP30 cells were infected with EbolaΔVP30 at an m.o.i. of 0.1. The cells were fixed with 4% PFA at the indicated times after infection. The co-localization of negative-sense viral RNA (green) and NP protein (red) was detected by using a combination of FISH and immunofluorescence staining. The nuclei were counterstained with DAPI. Scale bars: 20 μm. The percentage of co-localization is shown in the individual panels.](srep01206-f4){#f4}

![Spatio-temporal distribution dynamics of positive-sense EBOV RNA in EbolaΔVP30-infected cells.\
Vero-VP30 cells were infected with EbolaΔVP30 at an m.o.i. of 0.1. The cells were fixed with 4% PFA at the indicated times after infection. The co-localization of positive-sense viral RNA (green) and NP protein (red) was detected by using a combination of FISH and immunofluorescence staining. The nuclei were counterstained with DAPI. Scale bars: 20 μm. The percentage of co-localization is shown in the individual panels.](srep01206-f5){#f5}

![A model of EBOV assembly.\
Viral mRNA is transcribed from genomic negative-sense RNA, is released into the cytoplasm, where viral proteins are translated. NP, together with VP35, VP40, VP30, and VP24 forms small inclusions (A), which become larger near the nucleus (B). At the edge of the inclusion bodies, the NC is formed. VP40 associates with the NC, contributing to its transport to the plasma membrane (C1). Alternatively, NC initially associates with a few VP40 molecules and then moves to plasma membrane, where it is enveloped with membrane-associated VP40 (C2). Synthesized GP is independently transported to the plasma membrane (D). The viral components then assemble, and the progeny virions bud (E).](srep01206-f6){#f6}
